SUMMARY The factors that might activate the renin-angiotensin system in treated heart failure were explored. Serum Na+ correlated inversely with plasma renin activity. The degree of congestive heart failure measured by right atrial pressure, pulmonary capillary wedge pressure, cardiac index, and systemic vascular resistance did not correlate with plasma renin activity. Similarly, renal function as measured by blood urea nitrogen, creatinine, and urinary Na+ excretion did not correlate with plasma renin activity. In a prospectively screened group, seven patients with congestive heart failure who were found to be hyponatraemic had plasma renin activities greater than 15 ng/ml per h. Serial determinations in one patient showed plasma renin activity to vary inversely with the serum Na+. It is concluded that serum sodium can be used to identify those patients with congestive heart failure who have a high plasma renin activity. The value of identifying these high renin heart failure patients was seen in their response in four cases to specific therapy with a converting enzyme inhibitor.
The renin-angiotensin system may play an important homeostatic role in both experimental and clinical congestive heart failure. 1-4 Increased circulating angiotensin II could contribute to systemic vasoconstriction which supports blood pressure56 but also might adversely affect left ventricular performance.7 Plasma renin activity has been reported to vary widely in patients with heart failure28 9 but the mechanism of its stimulation and the reason it is raised in some patients but not in others is not understood.
Haemodynamics, renal function, or volume factors all might be expected to be capable of stimulating the renin-angiotensin system. 8 10-14 Since recent reports have shown a beneficial haemodynamic response in patients with heart failure to agents that block the activity of the renin angiotensin system,21516 an understanding of the factors that stimulate it in heart failure and the recognition of clinical correlates of high plasma renin activity might have important therapeutic implications.
In the present study we After all catheters were positioned the subjects were allowed to rest for one hour. Haemodynamic measurements were then made and blood samples drawn for serum electrolytes, serum creatinine, and plasma renin activity by radioimmunoassay using a Renak assay (Roche) as described by Sealey et al. 18 The day before the study a 24-hour urine sample was collected for determination of sodium and creatinine excretion.
Systemic vascular resistance was calculated using the formula: 
Results
Resting haemodynamic, renal functional, and electrolyte data for the 42 patients studied are presented in Table 1 . The low cardiac index and high right atrial and pulmonary capillary wedge pressures reflect the severity of the heart failure. Renal function was modestly diminished as evidenced by the slightly increased blood urea nitrogen and creatinine.
The plasma renin activity ranged from 0-3 ng/ml per h to 85*2 ng/ml per h (Fig. 1 1 Correlation between plasma renin activsity (PRA) and serum Na in patients with congestive heart failure. The closed dots represent the 42 patients studied. The open squares represent the seven patients prospectively marked as having high plasma renin activity because they were at the time hyponatraemic. Since analysis of these data suggested that hyponatraemia might identify high renin patients, a prospective analysis was undertaken by screening all patients admitted to hospital at the University of Minnesota Hospital during a two-month period because of congestive heart failure. Seven of these screened patients were found to be hyponatraemic (serum Na+ 123-132 mmol/l). These patients were prospectively identified as having high renin heart failure. Subsequent plasma renin activity confirmed this in each patient: plasma renin activity ranged from 15 .0 to 96*O ng/ml per h (Fig. 1) .
The dynamic relation between plasma renin activity and serum Na+ was shown in one patient whose clinical course is shown in Fig. 2 . This patient with severe congestive heart failure was admitted to hospital for a viral pneumonia. Before being admitted his serum Na+ was normal and his plasma renin activity was low (3.2 ng/ml per h). During the acute illness he was found to be hyponatraemic. Plasma renin activity during that period was 71*2 ng/ml per h. With recovery, serum Na+ levels returned to normal and plasma renin activity fell to (14.8 ng/ml per h). Mean arterial pressure was unchanged during this period despite activation of the renin angiotensin system. The rise in plasma renin activity could not be accounted for on the basis of decreased renal function, since the blood urea nitrogen tended to fall during the high renin period.
Discussion
The inverse correlation between plasma renin activity and serum Na+ noted in this series of patients with congestive heart failure proved diagnostically useful. As shown in Fig. 3 , hyponatraemia appears to be a marker for high renin heart failure, since plasma renin activity in the hyponatraemic group (mean 38-5+6-6 ng/ml per h) was significantly higher (p<0001) than plasma renin activity in those with normal serum sodium (mean 5-1_0-8 ng/ml per h). Furthermore, in our prospective analysis all seven patients identified with hyponatraemia had plasma renin activities greater than 15 ng/ml per h. An inverse correlation between plasma renin activity and serum Na+ in heart failure has been known for some time. Brown and associates8 showed a very close inverse correlation in 17 untreated patients with heart failure. This strong inverse correlation was still present when 119 patients treated with diuretics and digitalis were analysed with the untreated patients. Hesse and co-workers'9 showed a significant rise in plasma renin activity as serum sodium fell in 12 patients with heart failure. The present study confirms these observations. Furthermore, in these treated patients with moderate to severe congestive heart failure, neither severity of heart failure as measured by cardiac index, pulmonary capillary wedge pressure, or right atrial pressure nor degree of renal impairment as measured by blood urea nitrogen or creatinine played an important role in determining plasma renin activity.
A number of pathophysiological mechanisms could be responsible for this inverse correlation between plasma renin activity and serum Na+. Activation of the renin-angiotensin system results in increased levels of angiotensin II. The role of angiotensin II on renal absorption of Na+ and water has been studied by a number of investigators,8202' who have suggested an angiotensin-mediated reduction in renal medullary blood flow. The resultant increase in medullary osmolarity could result in excessive water reabsorption. Angiotensin II by stimulating arginine vasopressin production could also contribute to increased water reabsorption22 23 and hyponatraemia. We have recently shown raised arginine vasopressin levels in heart failure.24 Finally, angiotensin II has been shown experimentally to stimulate the thirst centre and result in polydypsia. 25 26 The resultant hyponatraemia from any one or all of the above mechanisms could then directly stimulate renin secretion by a mechanism that is not entirely clear. 27 28 It is of interest that an inverse correlation between plasma renin and plasma sodium has been reported in hypertension.29 Low serum sodium also is seen in the hyponatraemic hypertensive syndrome.30 It is reasonable to assume that the same physiological mechanisms may be acting in the pathogenesis of hyponatraemia-hyper-reninaemia in all these situations.
Although plasma volume was not measured in these patients, the similar increases in right atrial pressure in the high and low renin groups and similar values for arterial pressure and cardiac output make it unlikely that differential stimulation of an intravascular volume receptor accounts for the high renin subgroup.
Although no correlation between plasma renin activity and serum K+ was found, the potassium was significantly higher in the high renin than in the low renin group (Table 2 ). This trend is surprising, since high renin might be expected to induce secondary hyperaldosteronism3' and potassium infusion decreases renal renin secretion.32 33 Furthermore, this difference in serum K+ could not be accounted for by differing diuretic regimens. The values for serum K+ for both groups, however, were well within normal limits and the serum K+ therefore was not useful in predicting the plasma renin activity.
The emergence of drugs that interfere with the renin-angiotensin system has made identifying those patients with high renin states potentially of clinical importance. Congestive heart failure has been treated with saralasin, a drug that competitively inhibits angiotensin II9 and with converting enzyme inhibitors that block the formation of angiotensin 1.2 5 163435 The acute response to these drugs appears to be closely correlated with the baseline plasma renin activity.2 35 36 Table 3 shows the effectiveness of acute converting enzyme inhibition in four selected hyponatraemic patients with high renin heart failure. Mean arterial pressure and pulmonary capillary wedge pressure were significantly lowered and cardiac index significantly increased. Though preliminary reports suggest that converting enzyme inhibitors may have beneficial long-term effects even in low renin heart failure,36 their mechanism of action in this setting is not entirely understood. Identification of high renin heart failure might be useful in selecting appropriate acute therapy. The present data suggest that a low serum sodium is a simple indicator of such cases and might identify patients who will acutely benefit most from therapy to inhibit the reninangiotensin system. renin heart failure.
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